The synthesis, infra-red, Raman and NMR spectra and crystal structure of 2, 4, 4-trimethyl-4, 5-dihydro-3H-benzo [b] compound crystallizes in the triclinic system ( space group) with Z = 2 and the following unit cell dimensions: a = 9.6653(8) Å, b = 9.9081(9) Å, c = 15.3737(2) Å, α = 79.486(1)°, β = 88.610(8)° and γ = 77.550(7)°. The structure was solved by using 4439 independent reflections down to R value of 0.029. In crystal structure, the tetrachlorocadmiate anion is connected to two organic cations through N-H...Cl hydrogen bonds and van der Waals interaction as to build cation-anion-cation cohesion. The 
Introduction
The synthesis of low-dimensional mixed inorganic-organic materials enables both the inorganic and the organic components on the molecular scale to be optimised and thus to exhibit specific properties, such as electronic, optical, thermal and catalytic [1, 2] . Among halometallates (II), chlorocadmates (II) have been of special interest for their structural flexibility. They can occur as simple tetrahedral anions CdX 4 2-or form the backbone of chain polymers. This is due to the fact that the Cd 2+ ion, being a d 10 , exhibits a great variety of coordination numbers and geometries, depending on crystal packing and hydrogen bonding, as well as halide dimensions [3] [4] [5] [6] [7] [8] .
Although two-dimensional polymeric chlorocadmates (II) have been widely studied, much less is known about one dimensional linear chain compounds. The major difficulty concerns the fact that the structural possibilities of bidimensional chlorocadmates(II) are somewhat restricted with respect to monodimensional ones, which present a panoply of different structural arrangements. A wide variety of stoichiometries belong to this class of compounds, including [CdCl 3 2 ] which makes the crystal chemistry of chlorocadmates (II) extremely diverse and complex. Common features of all these compounds are the invariable presence of octahedral (CdCl 6 ) and/or [CdCl 5 (OH 2 )] units in the anhydrous and hydrated species, respectively. Ionized in some different ways, such as sharing triangular faces, edges or vertexes, giving rise to infinite chains usually running parallel along a crystallographic axis. A network of hydrogen bonding, involving organic cations generally connects the columnar stacks of chains together and stabilizes the whole crystal structure [9] [10] [11] [12] [13] [14] [15] [16] .
In the present paper we report on the synthesis, the structural and spectroscopic characterizations of the both [C 6 2 CdCl 4 sample (denoted 1) was prepared by mixing the organic compound 1,2-phenylenediamine, dissolved in acetone, with CdCl 2 , dissolved in hydrochloric acid solution (1 M), in molar ratio 2:1. By slow evaporation at room temperature, yellow crystals suitable for X-ray single crystal analysis were obtained.
Schematically the reaction proposed in order to justify obtaining [C 6 H 10 N 2 ] 2 Cd 3 Cl 10 sample is shown in figure 1.
[C 6 H 10 N 2 ] 2 Cd 3 Cl 10 (denoted 2) sample was prepared by mixing CdCl 2 , dissolved in hydrochloric acid solution (1 M), and the organic compound 1,2-phenylenediamine, in molar ratio 2:1. By slow evaporation at room temperature, red crystals suitable for X-ray single crystal analysis were obtained.
Schematically the reaction proposed in order to justify obtaining [C 6 
Analysis
The infra-red spectrum was recorded in the 400-4000 cm -1 range with a Perkin-Elmer FT-IR 1000 spectrometer using samples pressed in spectroscopically pure KBr pellets. For both compounds 111 Cd CP-MAS NMR spectra were measured on powdered sample at 63.648 MHz (7.1 T) with Bruker WB 300 MAS FT-NMR spectrometer. A single pulse sequence was used for all the measurements. The acquisition parameters for compound 1 and 2 were as follows; a 10.5 μs pulse length, 5.0 s pulse delays and 512 and 1024 scan per spectrum respectively. Samples in cylindrical zirconia rotors were spun at spinning rates at 4 KHz and 11 KHz respectively. Chemical shifts were referenced to Cd(ClO 4 ) 2 aqueous solution at 0 ppm.
Crystallographic studies
For compound 1 (0.58 mm × 0.38 mm × 0.25 mm) and compound 2 (0.57 × 0.4 × 0.3 mm 3 ) prismatic crystals were selected by optical examination and mounted on an Enraf-Nonius CAD4 four-circle diffractometer. For both compound 1 and 2 the unit-cell parameters were determined from automatic centering of 25 reflections (12 < θ < 15° and 11 < θ < 16° respectively) and refined by least-squares method. Intensities were collected with graphite monochromatized Mo K α radiation, using ω/2θ scan-technique.
Two reflections were measured every 2 hrs as orientation and intensity control. No absorption corrections were made for compound 1 and an empirical absorption correction was applied for compound 2 using a method based upon ABSDIF data (transmission range of 0.1611-0.4206).
The both structures were solved by Patterson methods, using SHELXS-86 [17] in the space group
. All the refinement calculations were performed with the SHELXL-93 [18] computer program.
Cd and Cl atoms were first located. The atomic positions of nitrogen, carbon and hydrogen of the organic groups were subsequently found by difference Fourier syntheses. Details of the crystal structure analysis are reported in Table 1 .
P1
Schematically the reaction proposed in order to justify obtaining [C 6 H 10 N 2 ] 2 Cd 3 Cl 10 sample Figure 2 Schematically the reaction proposed in order to justify obtaining [C 6 Figures 3a and 3b show IR and Raman spectra respectively of the reported compound at room temperature. A detailed assignment of all the bands is difficult, but we can attribute some of them by comparison with similar compounds [19] [20] [21] . The assignments of the bands observed in the infrared and Raman spectra of [C 12 Cell parameters from 25 12 < θ(°) < 15 11 < θ° < 16 a = 9.687 (8) (2) have been recorded (see Figure 4a and 4b) at room temperature. A detailed assignment of all the bands is difficult but we can attribute some of them by comparison with similar compounds [19] .
Intensity measurements
In IR spectrum, the band observed at ~3500 cm Table 3 .
The bands corresponding to the internal vibrational modes of the (CdCl 6 ) anions appear in the Raman spectral region below 300 cm -1 . The intense band observed at 158 cm -1 is assigned to the Cd-Cl bending; while the band observed at 180 cm -1 is assigned to the Cd-Cl (equatorial)
bending [22] . These vibrational absorptions are given in Table 3 .
The infrared and Raman study confirms the presence of the organic group C 6 H 10 N 2 and the octahedral anion CdCl 6 . Bend., bending; Str., stretching; Wagg., wagging;
NMR measurements
The 111
Cd MAS NMR spectra of compound 1 and 2 are shown respectively in Figures 5a and 5b. The spectrum of compound 1 is composed of one broad peak and two spinning side bands. The δ iso value is equal to 468.01 ppm indicating that CdCl 4 2-tetrahedral is present in the sample [23] .
Based on the 111 Cd MAS NMR measurements of several chlorocadmate crystals with known structures, Sakida et al. have shown that the δ iso value for the CdCl 6 octahedra is equal to 183 ppm [24] . Hence, it may be concluded that the compound 2 is composed of CdCl 6 octahedra alone.
The δ iso value of Cd(1)Cl 6 octahedra is much smaller than that of Cd (2) Tables 4, 5 , 6 and 7, respectively. The structure can be described by an alternation of organic and inorganic layers stacked in the c direction. The anionic layer is built up of tetrahedra of tetrachlorocadmate CdCl42-sandwiched between two different organic layers. The first one located at z = 0 is formed by C12N2H17+ (a) cations. The second is build up of C12N2H17+ (b) cations observed at z = 1/2 ( Figure 6 ). The benzene rings in cations one and two are not parallel. The angle between them is equal to 77.3 (1)°.
The material cohesion is assured by two different interactions:
-The bonding between the organic and inorganic layers is established by three different hydrogen bonds (Cl1...HN21-N21, Cl2...HN12-N12 and Cl2...HN11-N11). The N...Cl distances vary between 3.134 (4) Å and 3.691 (4) Å. We deduce that the hydrogen links are weak (Table  8 ) [25] .
-The cohesion of the organic layer is obtained by van der Waals interaction between aromatic π-stacking. The separation between the planes of two aromatic cations from adjacent dimeric unit is 4.29 (6) Å [4, 26] (Figure 6 ). (Table 6 ). Taking into account these parameters and considering the cal- Compound ( Compound ( The C-C distances in the benzene of the first and second cations vary in the ranges 1.356(8)-1.411(2) Å and 1.352(6)-1.426(4) Å respectively ( Table 5 ). The C-C-C angle values in the aromatic ring are in the range 117.1(3)° -121.9(4)° and 115.4(3)° -123.2(3)° for the first and second cation respectively ( Table 7) .
Geometry and coordination of the tetrachlorocadmiate anion

Geometry and coordination of the organic cations
The benzene rings of those cations are distorted and slightly deviated from their medium plane.
The equation of the average plane for the first and second cations are, respectively, 7.11(1) x + 1.70(1) y -9.96(2) z = 0.66 (3) and 4.55 (1) x -1.99 (2) y + 11.80 (2) z = 4.91 (2) . In the first and second cation, the average deviation of carbon atoms from the ideal aromatic ring is 0.0032 Å and 0.0064 Å, respectively. We deduce that the C 12 H 17 N 2 + (2) cation is more deformed.
[C 6 H 10 N 2 ] 2 Cd 3 Cl 10 (2)
Selected inter-atomic distances and angles are given in Tables 4, 5 
Compound (1)
Compound ( the Cd(2')Cl 6 octahedron ( Figure 9 ). In the same layer, the infinite one-dimensional inorganic chains are connected by C 6 H 10 N 2 2+ cations via hydrogen bonding (N-H...Cl) ( Table 9 ). One type of organic cation, C 6 H 10 N 2 2+ , is observed on both sides of every infinite one-dimensional inorganic chain. Each organic cation orients its NH 3 groups towards the inorganic chain in order to form three hydrogen bonds with free chlorine atom of the CdCl 6 octahedron and two hydrogen bonds with common chlorine atoms between two types of octahedron. From one organic-inorganic layer to other, the cohesion is assured by hydrogen bonding (N-H...Cl) (table 9). Every cation forms three hydrogen bonds with the two layers observed on both sides of its own layer.
Geometry and coordination of hexachlorocadmate anion 3.3.2.1.1 Geometry of Cd(1)Cl 6
The geometry of the Cd(1)Cl 6 4-anion is shown in Figure 9 , and it is apparent that the coordination around the cadmium is slightly distorted from octahedral symmetry, presenting a C 2ν punctual symmetry. The base of this octahedron is formed by Cl(3) and Cl (5) The Cl-Cd-Cl angles of opposite chlorine atoms about cadmium atom center are planar. In fact, the cadmium ion is located at the center of octahedron. 6 The Cd(2)Cl 6 octahedra presents a C i punctual symmetry. The Cl-Cd-Cl angles between opposite chlorine atoms about the cadmium atom center do not form the ideal octahedral shape. The angle values are in the 166.97(4)-178.10(4)° range, which proves that the cadmium atom is slightly shifted to the center of the octahedral one (table 6). The remainder of the Cl-Cd-Cl angles show a variation of ± 6° in both sides of ideal octahedral shape (90°). The Cd-Cl distances are more dispersed than those observed in the Cd(1)Cl 6 octahedra. The range of Cd-Cl distances is between 2.519(1) and 2.739(1)Å (table 4).
Geometry of Cd(2)Cl
Geometry of organic group
The asymmetrical unit contains only one C 6 H 10 N 2 2+ grouping ( Figure 10 ). The aromatic ring of the cation is slightly distorted. The carbon atoms show a low distortion compared to the average plan of 0.52Å.
Showing the ellipsoid of thermic unrest of carbon and nitrogen atoms at 40% in C 6 H 10 N 2 2+ cation Figure 10 Showing the ellipsoid of thermic unrest of carbon and nitrogen atoms at 40% in C 6 H 10 N 2 2+ cation. The main geometric features of the organic cation are similar to those commonly observed in hybrid compounds [13] . The C-C distances and the C-C-C angles values in the benzene vary in the range 1.367(7)-1.395(7)Å and 119.1(4)-120.9(5)°, respectively (tables 5 and 7).
Conclusion
Two new compounds [C 12 
